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ISTRODOCTIOH
To the home economist the operational characteristics of
the oven of the doneetic range are of great interest and impor-
tance. Knowledge of these permit nee of the oven with efficien-
cy in fuel consumption and success in processing foods* Answers
to the following questions should be available* What variations
in temperature occur throughout the oven? Bow does the tempera-
ture distribution ohange upon addition of the "load"? Bow does
the power consumption depend on the "load**? That is the oven*s
heating efficiency-—that is, what part of the total power con-
sumed is actually used for heating the "load"?
The oven of the domestic gas range has been quite thorough-
ly investigated* Monroe (11) found uneven temperature distribu-
tion in both the empty and the "loaded" gas oven* The heating
efficiency of the air-insulated oven she used increased from
about 1 per cent with only one pan in the oven to about 6 per
cent with 6 pans, which nearly filled the oven* Finney and Bar-
more (2) showed the greater uniformity of baked products attained
with the reduction of door size so far as possible and with the
proper insulation of the oven* Others (3, 4, 12, 13, 14) have
investigated the relative thermal efficiencies of utensils made
of different materials and finishes in gas and eleotric ovens*
In each ease it was found that choice of utensil is of far great-
er importance with the gas oven than with the eleotrio oven*
This study was designed to answer the above questions for
an electric oven, using utensils made of a material acceptable
for heating electrically* Although but one oven was used, it
Is believed that results obtained parallel those that would be
obtained for other electric ovens, since the method of heating
and insulating the ovens of electric ranges has been quite well
standardized in the past few years.
3ARATUS
Stove
An Electromaster apartment-sized alectrio range, rodel T41-
1, manufactured by ^lectronaster, Inc., 1,'ount Clemens, Itiohigan,
was used. Figures 1 and 2 show two views of the range. The in-
side dimensions of the oven were as follows: height, 38.5 cr.;
width, 42 en; dept' , 0.5 en. The oven was insulated with ap-
proximately 5.08 cm of glass wool, and lined with black porce-
lain enamel. Figure 3 shows the oven units. For preheat, the
control knob was turned past "On" to "Broil*1 , so that both
units were turned on; then the knob was returned to the desired
temperature. After preheating, both units turned off, and dur-
ing reheat intervals only the lower unit turned on. The upper
unit had a rated capacity of 2.5 EV., the louer unit, 2.C
Thermocouples
Since the use of an ordinary liquid-ln-glass thermometer
would have necessitated opening of the oven door, thereby per-
q loss of heat and a consequent error In results, ther-
:ouples were selected for use in measurir matures
within the oven. There were several advantages in the use of
Chromel 3 -Alumel thermocouples. The emf-temperature curve in
the temperature range used is very nearly a straight line. They
Fig. 1. Apparatus for measuring temperatures,
Fig. 2. Apparatus used, with thermocouple positions in
oven marked.
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Fig. 3. Oven units with baffle plate for lower unit.
Fig. 4. Three pan sizes used, sand-weighing apparatus
and sand-leveling board.
are easily welded, and they normally have so heavy an oxide coat-
ing (from exposure to air) that It is not necessary to Insulate
the two wires of each thermoelement from each other, or different
elements from each other. The latter was one of the main advan-
tages in this study, since the opening through which the wires
were admitted to the interior of the stove, the oven vent, was
too small to have permitted wires that required heavy insulation
from eaoh other* Also, since in normal operation of the range
heated air passes freely from the vent pipe, an error would have
resulted had the vent pipe been closed by the wires.
Eleven Chrome1 P-Alumel thermocouples were welded, then cal-
ibrated at three points: the boiling point of water, the freez-
ing point of tin, and the freezing point of lead. The operation-
al time eyole of the oven limited the number of thermocouples
that could be used at any one time, so only seven of the eleven
thermocouples were used. The calibration points for these are
shown in Table 1.
Table 1. Calibration points for thermocouples used*
»nnmrm£i
Thermocouple
i ; steam pot : Tin point : Lead point
number : 99.070 uc. : 231.89 °C. : 327.4 °C.
4.121 9.415 13.303
1 4.089 9.355 13.215
8 4.100 9.325 13.145
3 4.087 9.355 13.223
4 4.102 9.440 13.210
9 4.111 9.375 13.230
6 4.108 9.390 13.230
Title 2 shows s typioal set of steam-point data, those
readings taken for thermocouple 0. The temperature was found
(from boiling-point tables), corresponding to the barometric
pressure, 735.25 mm Hg, and the emf used as shown in Table 1
was the average of 10 readings taken at half-minute intervals.
Table 2. BIT of thermocouple at boiling point of water.
Time : m Time SUF
(min.) : (mv) (min.) It (mv)
0.5 4.1210 3.0 4.1208
1.0 4.1210 3.5 4.1214
1*1 4.1223 4.0 4.1205
2.0 4.1236 4.5 4.1202
2.5 4.1200 5.0 4.1206
Figure 5 shows the curve from which the emf corresponding
to the temperature at which tin freezes (231.89 °C.) was found
for thermocouple 0. Figure 6 shows the similar curve for the
freezing point of lead (327.4 °C.) for thermocouple 0. Figure 7
is the calibration curve for thermocouple 0. Similar curves
were obtained for the several thermocouples. A single curve was
used for thermocouples 1 and 3, and a single one for thermocou-
ples 5 and 6. In each case a straight-line approximation was
made to the experimentally-found points.
To facilitate reading the thermocouples, a switch which
accommodated all of them and permitted the use of but one refer-
ence Junction was used.
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Pans and Cooking Medium
Aluminum pans were chosen because they are representative
of those used by housewives, and because it has been shown (4,
13) that aluminum is a satisfactory material for use in an
electric oven* Ottawa sand was used for the cooking medium for
several reasons* The moisture content was low. not greater than
one per cent by weight* so the specific heat does not vary as it
does for food, due to loss of moisture during the cooking* It
is not known whether or not chemical reactions which take place
in foods affect the temperatures obtained* but such changes were
eliminated by the selection of a substance of constant chemical
composition* Ottawa sand contains no organic matter, and the
size and shape of the grains were uniform, which made possible a
more uniform incorporation of air* Also, the send heated slowly
enough so that it was possible to find variations in temperature*
Saeh pan contained 8 pounds (907*2 gm) of sand, which was
leveled with a small board* The sizes of the pans used, and
other apparatus used with them are shown in Figs* 4, 12, 13, and
14* The weights of the various pans used are given in the fol-
lowing table*
Table 3* Weights of pans, in
Pan : art, Pan : fft*
Square Ho* 1 105*85 Loaf No*2 113.30
Square No* 2 111*20 Reotangular 115*30
Loaf Ho. 1 117.60
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Other Apparatus
In Figs. 1 and 2 are shown the instruments used in measur-
ing the emfs of the thermocouples and the power consumption of
the oven* The following are included:
1* Rubicon Type B Potentiometer
2* Leeds and Northrup Galvanometer with Thordarson 6v
transformer for the galvanometer light
3* 3-volt driving voltage—2 Sdison cells in series
4* Bppley Standard Cell
5* Weston Model 432 wattmeter, 0-1,5-3 KW
A small mirror was placed so the light on the front of the
stove that automatically turned on and off simultaneously with
the units could be seen, and the times at which these occurred
were noted* Tot each test the oven and the stop-watch used for
time measurements were started simultaneously*
The wattmeter could be read directly to 0*04 BW, Several
readings were taken during each test* A constant power supply
was provided for the stove* and the wattmeter readings did sot
vary more than 0*02 Kff«
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The experiment was performed in a relatively convection-
current-free corner of a basement room, In which the room tem-
perature was nearly constant, ranging from 28 °C, to 31,5 °C*,
a change of but 6.3 °F* The insulation of the oven was so ef-
ficient that the oven exterior became but warm to the touch, so
it was believed unnecessary to insulate the apparatus from the
oven. In use the table holding the potentiometer, etc, was
farther from the oven than shown in Fig. 2, but was moved nearer
for the photograph*
The thermocouples were placed in the oven as shown in Figs*
8, 8, and 9* The junctions of the thermocouples were Inserted
into small Pyrex tubes whioh were held in position by brass
holders on the rack* Preliminary tests showed that results var-
ied widely when the thermocouple wires were attached directly to
the racks, but the Pyrex tubes prevented such variation*
For the empty oven the temperatures were found with the
rack holding the thermocouples placed in positions 2,3, and 4
of Fig* 9* Positions 1 and S were not used, since the straight
rack on whioh the thermocouples were mounted could not be used
on them* Thermocouple throughout the study was kept in the
position shown in Figs* 2, 8, and 9, with its junction beside
the center of the thermostat rod* The tube containing it was
suspended in a brass holder so it did not touch the oven wall*
Thermocouples 1, 2, 4, and 5 were each located 10 em from the
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outer wall; thermocouple 3 was 1a the center of the oven. Ther-
mocouple 6 replaced thermocouple 1 after the weld of thermocou-
ple 1 was accidentally broken* (Results obtained with thermocou-
ple 6 are reported along with those from thermocouple 1 to pre-
vent confusion.) Table 4 gives the heights of the thermocouples
for the S positions used for the rack.
Table 4* Thermocouple heights*
Rack : Height above : Height above : Height of upper unit
position : oven floor : baffle plate : above thermocouples
: cm : cm ; cm
28.5
15.9
2 11.0 5.0
3 17.6 11.6
4 26.8 20.8 6.7
For the entire study the thermostat was set for 425 °F.
(216.3 °C # ). Since the control knob was marked at 25-degree
intervals, a small marker was used so the setting would be as
constant as possible.
Because of the shortness of the operational time intervals
of the oven, as controlled by the thermostat, and because of the
time required to attain a balanoe with the potentiometer and to
record the data, it was found that no more than three thermocou-
ples could be read In a given experimental run. In each case
thermocouple and one or two others were read, with one reading
taken eaoh half-minute. Thus, using thermocouple as the stan-
dard, it was necessary to make three runs of each test to obtain
the time-temperature readings for all 6 thermocouples.
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Empty oven tests were run for 75 minutes. These were made
both at the beginning and the end of the study and agreement of
results showed the thermocouples had not changed in their char-
acteristics, nor the oven units in their heating rates and power
consumption* The operation of the oven consisted of a succession
of alternating periods of heating and cooling, so the resulting
temperature graphs had a succession of points of maximum and min-
imum temperatures* A typloal set of curves obtained from one run
of data is shown in Fig. 10. The highest peak on each curve rep-
resents the temperature attained at the end of the preheating.
In the sand-heating or "load* experiments the pans were in-
serted at the end of the preheat period. This was done as rapid-
ly as possible. For measuring the temperatures in the sand and
on top of the sand one thermocouple was Inserted in the center
of the pan, to the center of the sand, and another was laid on
the sand beside the first. Figure 11 shows pert of a typloal
set of curves for a sand-heating set of data. Such data were
taken for 2-hour periods, so but part could be represented here.
Figures 12, 15, and 14 show the pan arrangements, as follows:
I: Square pan added, center upper rack
II: Square pan, center lower rack
III: Two loaf pans, lower rack
IV: Square pan, upper rack; two loaf pans, lower rack
7: Loaf pan, upper rack; square pas and loaf pan, lower
rack
VI: Square pan, upper raok; rectangular pan, lower raok
Fig. 10.
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The experimental graphs were plotted in centigrade degrees,
as in Figs, 10 and 11* Since home economists use the English
system of units, and since the thermostat oontrol was marked in
degrees Fahrenheit, results were converted to degrees Fahrenheit*
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38SULTS
Temperature Distribution
Since but three thermocouples could be read eaoh time, the
temperatures for each thermocouple for the runs of each test
were averaged to the nearest 0,5 °C., then compared with the av-
erages of the values for thermocouple for the same runs* De-
spite the attempt to have a constant setting of the thermostat,
a variation of S.5 °F. (3.6 CC.) occurred in the average temper-
atures of thermocouple 0, and a variation of 18 °F# (10 °C.) in
the preheat maxima of thermocouple 0, Thus, for better inter-
pretation, final conclusions were drawn from difference graphs,
in which the line of zero difference represented the average
temperature of thermocouple for the runs of the particular
test, or from graphs of temperaturea linearly adjusted to the
average value of the temperatures for thermocouple 0,
Table 5 gives the preheat maximum temperatures for the
thermocouples. Column a. is the averages of the preheat maxi-
mum temperatures read from the experimental graphs for the
several runs made with the rack in each of the 3 positions, and
Column b. the Fahrenheit equivalent. The average preheat maxi-
mum temperature for thermocouple for all the empty oven tests
was 533.4 °F. The "Adjusted preheat maximum" in Column £ is the
value in Column b plus the difference of the value of thermocou-
ple for the test and the average for thermocouple for all
the tests (533.4 °F.). Column £ gives the respective differences
24
of the temperatures of the thermocouples end the average temper*
ature of thermocouple 0* Figure 15 is the graph which repre-
sents Columns c. and £•
Figure 16 represents the average time*temperature curve for
each thermocouple with the thermocouple rack in position 2 in
the empty oven* Similarly, Figs* 17 and IS show the average
curves for the thermocouples with the rack In positions 3 and 4.
It will be noted that In each case the first minimum is lower
than the average minimum* The horizontal lines represent the
average temperature maintained at the thermocouples* Table 6
gives these average maintained temperatures* Column a, is the
temperatures In °C« , Column b the equivalent in °F* , and Col-
umn £ the respective differences of the temperatures of the
thermocouples and the temperature of thermocouple 0* Figure 19
represents Column £
In the same manner used for finding the avenge tempera-
tores maintained In the empty oven, the average temperatures
maintained at the several thermocouples with their rack In posi-
tions 3 and 4 with one square pan in the center of the lower
rack* arrangement II of Fig* 12, were found* Table 7 gives the
average temperatures and the differences with respect to the
temperature of thermocouple 0* Figure 20 permits comparison of
these differences for the empty oven and for the "load" used,
and represents part of Column £ of Table 6 and all of Column &
of Table 7* The line of zero temperature difference represents
the temperature of thermocouple 0, which remained at approxi-
mately 430 °F* with or without a "load" in the oven*
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Table 5. Preheat maxima and preheat maxima differences,
empty oven.
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The rate of heating of the pans of sand further illustrated
the temperature distribution of the oven* Figure 21 shows the
rate at which the three pans of arrangement IV heated, The heat-
ing time in minutes was measured from the time at which the pans
were in the oven and the door again shut* Temperatures of the
"loads" were read from the experimental graphs, converted to °F.,
then compared with the average oven temperature of each pan and
the temperature of the oven for a 2-hour period. From Figs* 3
and 13 it may be noted that loaf pan 2, which attained the aver-
age oven temperature most rapidly, was set over the part of the
lower unit in which the coll of the heating element was quite
concentrated.
Similar results were found for arrangement III, two loaf
pans on the lower rack: loaf pan 2, In the same position as for
arrangement IV, heated more rapidly than did loaf pan 1. With
arrangement I it was found that the square pan alone on the up-
per rack did not heat as rapidly as it did in arrangement IV,
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Operational Times
time intervals of the successive heating and cooling
periods were averaged for each set of tests, and from these the
average operational cycle for each "load* arrangement was deter-
mined* The average preheat time interval for the entire study
was 11*54 minutes* Although the "load" tests were run for £
hours, it was found that after one hour the operational times re-
mained nearly constant, so, for comparison, only approximately
one hour is used* Table 8 gives the lengths of the heating and
cooling intervals during approximately one hour of operation*
Table 9 gives the totals for Table 8, and is represented by Pig.
22* In Tables 8 and 9 the oolumns are as follows:
Column a: Smpty oven Column e: Arrangement 17
e:
" d:
Arrangement 3
II
III
« gs
V
71
Table 8. Beating and cooling Intervals with various loads, in
minutes, for approximately one hour of operation*
Interval : a : o : c : e
Preheat 11.54 11.54 11.54 11.54 11.54 11*54 11.54
1st Cooling 17.93 16.38 11.15 10.08 9*06 9.29 12*10
1st Reheat 3.54 4*08 4*86 5.42 6*20 5.83 3*45
2nd Cooling 7.49 7.53 8.14 7.25 8*98 9*83 8*67
2nd Heheat 3.05 3.16 3.64 3.66 4.70 5*21 3*22
3rd Cooling 7.24 7.72 8.17 8.46 10*24 9.71 8*70
3rd Reheat 2.95 3.22 3.25 3.71 4*14 4.53 3*12
4th Cooling 7.08 7.75 8*83 7.88 10.01 8.12 7.75
4th Reheat 2.45 3.75 2*92 3.29 3.73 4.17 2.75
37
Table 9. Operational time totals, In minutes, with various
loads, for one hour of operation*
a 8
Preheat 11.54 11,54 11.54 11.54 11.54 11.54 11.54
Reheat 9.54 10.46 12,17 14.79 15.04 15,57 11.79
Cooking 38.92 38.00 35.29 33.67 33.42 32.89 36.67
Figure 23 shows the average time*temperature curve for
thermocouple 0, and the operational times for the empty oven.
The time Intervals a. and £ Indicate the time lag of the tempera-
ture at the thermostat behind the operation of the units, & the
time of continued heating after the units have turned off, b the
time of continued cooling after the lower unit has turned on.
This lag deoreased with length of time of use of the oven, until
a minimum of about 1 minute for & and about 1/2 minute for b_
were reached.
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Power Consumption
Power consumption was computed In KWH for one hour of oper-
ation of the oven. Total power consumed is the product of the
time in hours and the power in kilowatts, 4.24 KW for preheat.
2.00 BUT for reheat. Table 10 gives the power consumptions of
the several "load" arrangements. The "difference" in eaeh case
is the difference of the total power consumption with the "load"
and the total for the empty oven. Table 10 is graphically rep-
resented by Fig. 24 t with the "differences" shaded.
Table 10. Power consumptions for one hoar of operation of
oven with various pan arrangements, in KWH.
: a : b : e : TT : e T" : S
Preheat 0.616
Reheat 0.318
0.816
0.348
0.816
0.405
0.816
0.492
0.816
0.501
0.816
0.318
0.816
0.393
Total 1.133 1.164 1.221 1.308 1.317 1.334 1.209
Difference 0.031 0.088 0.175 0.184 0.201 0.076
To analyse the use of the total power consumed, the temper-
ature of the "load", the pans and the sand, at the end of one
hour of heating was determined for three arrangements: I,
square pan alone on the upper raok; III, loaf pans on the lower
rack; and 17, square pan on the upper rack and loaf pans on the
lower rack. From the known masses of the pans and the sand,
their specific heats, and their change in temperature the amount
of heat in calories used In heating the "load" was calculated,
T i ~i
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and the equivalent in KWH determined* (The speoifio heat of
aluminum is 0,22 oal/gm/°C., of Ottawa sand, 0.20 eal/ga/°C.)
This amount of power consumed was compared with the observed
power consumption above the requirement for the empty oven, the
"difference" value of Table 10, to find how much power was lost
through the open oven door while the "load" was added* Table 11
gives the data and results of these computations. In Table 11
the elements of the left-hand column are as follows:
ti ; Boom temperature or Initial "load" temperature
t& : Final "load" temperature after one hour of oper-
ation of oven
as : Beet capacity of the pan with the sand, the sum of
the products of the mass and the specific heat of
each - .
Cal. : Calories used in heating the "load", [as(tg-ti)J
for each part of the "load"
Total cal.: Total calories used for tho entire "loed"
Load KWE : KWH equivalent of total calories used, or CTH used
for heating of "load"; 1 cal is equivalent to
0.0000011628 KWH
Actual E*H: "Difference" value of Table 10
Lost XKB : Actual K&H minus Load KV7B, or power loat through
open oven door
Table 12 gives the final analysis of the total power con-
sumption in percentages. The power oonsumed in each oase for
"maintenance of oven temperature" was 0.318 Kim, which is the
•mount consumed by the empty oven during reheat intervals in one
hour. This compensates for the loss of heat through the oven in-
sulation and the vent pipe, and was assumed to remain constant
throughout the study since the room temperature remained quite
constant, and the oven temperature was kept the same, hence the
rate of loss should have varied but little during the study.
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¥ Table 11* Determination of power used for heatingI of "loed"
and power lost through open oven door.
: b •I T" e
: (Arr.I) • (Arr.III) : (Arr.IV)
t
x
(°C.) 28.5 30.0 29.0
/Sq.pan 123.0 211.0
t» (°C.) f Loaf 1s (.Loaf 2
206.0 208.0
212.0 210.0
_
fsq.pan 202.61 202.61
as (eal/°C.) < Loaf 1 204.96 204.96
I Loaf 2 204.10 204.10
fsq.pan 24921 36875
Cal. f Loaf 1 36483 36688
I Loaf 2 37146 36942
Total cal. 24921 73629 110505
Load KWH 0.029 0.083 0.128
Actual KWH 0.031 0.175 0.184
4 Lost KWH 0.002 0.089 0.056
Table 12* Total power consumption in percentages for
"load** arrangements I, III, and IV.
: b : d •
Preheat 70*1 62.3 81.9
Maintenance of oven temp. 27.3 24.3 24.1
Beating of "load" 2.5 6.6 9.7
Lost through open door oa 6.8 4.3
•
Total 100.0 100.0 100.0
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The percentage analysis of the total power consumption for
all the "loads'* is given in Table 13, in which the "reheat"
amount is not subdivided as it is in Table 12*
Table IS* Percentage analysis of power consumption, all "loads"*
•
1 a :—FT o : d : e :tt 6
Preheat
Reheat
Total
72.0
28.0
100.0
70.1
29.9
100.0
66.9
33.1
100.0
62.3
37.7
100.0
61.9
38.1
100.0
61.2
38.8
100.0
67.3
32.5
100.0
The heating efficiency of the oven Is the percentage of
the total power consumption that is actually used in heating
the "load". From Table 12 It may be seen that the heating ef-
ficiency for arrangement I, square pan alone on the upper rack,
was 2.5 per cent. For arrangement III, two loaf pans on the
lower rack, the heating efficiency was 6.6 per cent; and for
arrangement IV, square pan on the upper rack and two loaf pans
on the lower rack, the heating efficiency was 9.7 per cent.
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CONCLUSIONS
The heating efficiency of the oven was found to increase
with an increase in the "load", rising from 2.5 per cent with
one pan in the oven to 9#7 per cent with three pans in the oven*
This most favorably compares with the heating efficiencies for
the gas oven found by Monroe (11), 1.1 per cent with one pan In
the oven to 5.9 per cent with 8 pans in the oven* It is be*
lleved this should be attributed, for the most part, to the in-
crease in insulation afforded by the glass wool In the electrio
oven*
By far the greatest expense involved In use of the oven for
s single hour is for the preheating, since It requires 61 to 72
per oent of the total power (Table 13). Thus, at the rate of
1*1/2 cents per KWB, the costs for arrangements I, III, and IT
for one hour would be as shown In Table 14.
Table 14* Costs of operation for one hour, arrangements
I, III, and IV.
t—;
—
t e
: (1 pan) : (2 pans) : (5 pans)
Preheat 1*23 i 1.23 i 1*23 i
Lost through oven sides,
vent pipe and oven door 0.46 0.61 0.36
Heating of "load" 0.05 0.13 0.19
Total 1.76^ 1.970* 1.98*'
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From this it may be seen that once the oven is preheated it
should be used, so far as is possible, for several baking opera-
tions,—-either for a large "load" or for successive bakings*
It is to be noted, also, that addition of a pan on the upper
rack (for arrangement 17 from arrangement III) added but 0*01
oent to the cost for one hour and increased the heating effi-
ciency of the oven by 3,1 per cent,
A change in temperature with change in elevation in the
oven was found, with the average maintained temperatures the
lowest in the top of the oven. For prolonged baking processes
it is to be reoommended, therefore, that the center or lower
part of the oven be used,
Uneven temperature distribution horizontally through the
oven was also found, with a particular "hot spot" over the part
of the lower unit in which the ooll of the heating element was
concentrated. Inquiry was made of the manufacturer of the rea-
son for this ooil distribution. The reply stated that during
original tests of the oven, in the case of four-layer cakes, the
layer plaoed in the left front corner did not brown as well as
the other three; the concentration of the ooll at this point
tended to eliminate this (Appendix, Heinrlch), From Fig, 21 it
may be seen that the cool spot was over-coeipensated-for by the
coll concentration. In private conversation with two owners of
these ranges it was learned that they have observed the "hot
spot", and excessive browning in the left front corner, also.
It would be interesting to repeat this study using an oven with
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a symmetrically-distributed lower unit; since the store used in
this ease was on loan only, changes in its construction for ex*
peridental purposes were prohibited*
Since the units are off over one-half the time in one hour
of operation (Fig* 22), the user must be warned not to become
alarmed, and not to open the door excessively, for thereby heat
is lost to the room unnecessarily*
The results of the temperature distribution part of this
study are not necessarily applicable to all electric ovens,
since the lower unit of this oven is unsymmetrlcally distributed*
However, the operational cycle and power consumption are prob-
ably representative, so that the heating efficiency and cost of
operation should approximate those to be found for the modern
domestic eleotrio range oven*
48
ACXBOWLSDClfSRTS
Grateful acknowledgment is hereby made to Dr. Harold M.
*roslie, of the Department of Physics, who direoted the re-
search, to Dr. A. B. Cardwell, Head, Department of Physics,
for his helpful suggestions, to Prof. S. V. Floyd and others
of the Department of Physics who helped with the construction
of the special apparatus needed, to Dp. Josephine Kremer and
Miss Tessie Agan, of the Department of Household Soonomics
for their valuable suggestions for the study, and to Kr. Mau-
rice 11. Bolcourt and the Kansas Power and Light Company for
the generous loan of the stove for the study.
Appreciation also is expressed to Dr. and Mrs. Soy C.
Langford and others for their willing help and criticisms in
the preparation of the manuscript.
49
(1) American Institute of Physios,
Temperature, its measurement and control in science and
industry, new York, Belnhold, 1362 p. 1941.
a* Jones. A. and &• A, Hunter,
Electromotive force of alloys in various alloy
systems* p.1227-1231,
b, Lohr, James H«, Charles H, Hopkins and C, Leslie
Andrews,
The thermal electromotive force of various
metals and alloys, p, 1232-1235,
o, Roeser, %u F,
Thermoelectric thermometry, p, 180-203,
d, Roeser, #m, F, and H. T, ffensel,
Methods of testing thermocouples and ther-
mocouple materials* p, 284-314,
e, .mite, Walter ?,
Potentiometers for thermoelectric measurements,
p, 265-278,
(2) Finney, K. F, end M, A. Barmore,
Maintaining a uniform temperature in an experimental
baking oven. Cereal Chem. 16:289-292, 1939,
13) Frank, May C,
The comparative thermal efficiencies of casseroles of
different materials when used In a gas and in an electric
oven. Unpublished thesis, Iowa State College, 54 p.
1931,
(4) Qartrell, Bennie Mae,
A study of the effect of different materials and finishes
on the thermal efficiencies of pans. Unpublished thesis,
Iowa State College, 70 p, 1930,
(5) Griffiths, Bzer,
Methods of measuring temperature, London, Charles
Griffin, 203 p. 1925,
(6) Handbook of chemistry and physios, ed,23,
Cleveland, Chemical Rubber, 2221 p, 1939,
30
(7) Harrel, C. J. and J. H. Lanning.
Ovens. Cereal Cheat. 6:286*300* 1919*
(8) Lanning. «T # H.
A 8tody of temperature changes in a small laboratory
oven when drying flour by the 130 °C. oven method*
Cereal Chem. 12: 69*77. 1935.
(9) Littleton. J. T. and C. J. Phillips.
Electric range oven performance. Elect. World.
100:527.9. 1932.
(10) Littleton. J. T. and H. C. Bates.
Pyrez glass and metal condenser tubes. Inst. Chem*
Kngrs. Trans. 17:95. 1925.
(11) Kbnroe. Uerna Myrtha.
A study of the distribution of heat in a particular
oven when loaded with a particular substance. Unpub-
lished thesis. Kane. State Col. Agr. and Appl. Sci.
57 p. 1932.
(12) Phillips. C. J. and Mary L. Rordberg.
Ovenware and fuel economy. Jour. Home Boon.
26 (1):37*40. 1934.
(13) Steele. Katharine.
Relative performance of standard sheet and cast aluminum
as materials for pans used in surface and oven cookery
on gas and electric ranges. Unpublished thesis. Iowa
State College. 48 p. 1934.
(14) Swartz, Ve Nona *.
Speed and efficiency of oven utensils. Jour. Home
Scon. 23:464. 1931.
(13) [Temperature-emf table.]
Jour. Hes. Hatl. Bur. Stds. 14:239. R.P. 767. 1935.
(16) .'/orthington, Robert.
Heat conductivity of metals as factors in heat transfer.
Chem. met. Bngg. 35:461*2. 1928.

(COPY)
BL2CTR0MASTER, INC.
Mount Clemens ,Mioh.
August 10, 1946
Mrs. Kathryn Leeper
Depertment of Physios
Kansas State College
Manhattan, Kansas
Dear Mrs. Leeper:
We have your letter of August 5, and will be Interested in
reading the results of your research problem on the T41-1
Sleotromaster range.
During the original tests of this range, we found that in the
baking operation, especially in the ease of four-layer cakes,
the one placed in the left front corner did not brown as well
as the other three. The concentration of the coil at this
point tended to eliminate this difference.
With regard to the top unit, this is only on during the pre*
heating process when baking, so it did not affect results*
Also, for broiling, it was necessary to have it designed
regularly.
Very truly yours,
(signed)
»sll J. Heinrich
Serrioe Manager
